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STEVEN SWIRYN, MD, FACC” 
Previous studies of the effects of bundle branch block on 
ventriculoatrial (VA) intervals during orthodromic recipro- 
cating tachycardia have focused on the timing of the atria1 
electrograms. However, left bundle branch block impor- 
tantly affects the timing of initial ventricular activation, and 
this effect would also be expected to affect VA intervals 
during orthodromic reciprocating tachycardia. 
shortening was accompanied by a nearly equal increase in 
the HV interval, with the His bundle to atria1 interval 
remaining constant. 
Presented here are three patients with a single right- 
sided accessory atrioventricular pathway exhibiting left 
bundle branch block during orthodromic reciprocating 
tachycardia. Each had shortening of the VA interval by 10 
to 30 ms during left bundle branch block beats. This 
It is concluded that the timing of ventricular as well as 
atrial electrograms impacts on the VA intervals with left 
bundle branch block beats during orthodromic reciprocat- 
ing tacbycardia. With left bundle branch block, delay in 
initial left septal activation results in later onset of the QRS 
complex and, with right ventricular activation occurring 
normally, shortening of the VA interval occurs in patients 
with a right-sided pathway. 
(J Am Co11 Cardiol 1989:13:215-9) 
In patients with an accessory atrioventricular (AV) pathway, 
changes in the ventriculoatrial (VA) intervals with bundle 
branch block during supraventricular tachycardia have im- 
portant diagnostic value in establishing participation of the 
accessory pathway in the tachycardia and in localizing the 
site of this pathway (l-3). increases in the VA interval of 
235 ms are observed with bundle branch block ipsilateral to 
a free wall accessory pathway, whereas increases of ~25 ms 
occur with bundle branch block ipsilateral to a septal acces- 
sory pathway (I). 
These changes in VA intervals result from changes in the 
timing of the atria1 electrograms. However, changes in the 
timing of initiation of ventricular activation caused by bundle 
branch block would also have an impact on VA conduction 
times. Animal experiments (4-7) have indicated that the first 
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area in the ventricle activated by the specialized conduction 
system is on the mid-left septal surface. In left bundle branch 
block, the direction of septal activation is reversed and 
occurs from right to left (5,8-l I), and right septal activation 
occurs earlier in the QRS complex (6). 
Studies on human septal activation have confirmed these 
findings in animals. Normally, left ventricular endocardial 
activation precedes right ventricular endocardial activation 
(12,13). During left bundle branch block, reversed (right to 
left) transseptal activation occurs, with right ventricular 
activation occurring earlier in the QRS complex than during 
normal conduction (1416). In the elegant study by Cannom 
et al. (17). 56% of patients demonstrated reversal of septal 
activation during rate-related left bundle branch block, an 
increased HV interval, a constant His bundle to right ven- 
tricular apex interval and a shortened Q wave to right 
ventricular apex interval. This is consistent with the view 
that during left bundle branch block, right ventricular acti- 
vation does not change in relation to the His bundle poten- 
tial, but initial ventricular activation occurs later. 
Given these factors, it was hypothesized that, with left 
bundle branch block occurring during orthodromic recipro- 
cating tachycardia in a patient with a right-sided accessory 
pathway. one would expect to see a constant HA interval 
0735.10’)7/89/S.i.iO 
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with a shortened VA interval. The present report describes 
these findings in three patients with a right-sided accessory 
pathway who exhibited left bundle branch block during 
orthodromic reciprocating tachycardia. 
Methods 
Case identification. All patients undergoing cardiac elec- 
trophysiologic study at our institutions and found to have a 
single right-sided accessory pathway were identified. Those 
exhibiting left bundle branch block during orthodromic re- 
ciprocating tachycardia were included in this study. 
Electrophysiologic study. Quadripolar electrode catheters 
with a 5 or 10 mm interelectrode distance (USC1 6F or 7F) 
were positioned in the high right atrium, coronary sinus, 
across the tricuspid valve and at the right ventricular apex or 
septum, and electrophysiologic study was performed ac- 
cording to standard methods (18). Standard electrocardio- 
graphic (ECG) leads I, II and V, were recordeg simulta- 
neously with bipolar intracardiac electrograms; the latter 
Figure 1. Case 1: Panels A to C, During beats of complete and 
incomplete left bundle branch block occurring during orthodromic 
reciprocating tachycardia, there is prolongation of the HV interval 
by 24 to 30 ms accompanied by a concomitant and nearly equal 
decrease in the ventriculoatrial interval. All measurements were 
made at a paper speed of 250 mm/s. Numbers represent intervals in 
milliseconds. Surface electrocardiogram leads I, II and V, are as 
shown. DCS = distal coronary sinus; H and HBE = His bundle 
electrogram; H-HRA = His bundle electrogram to high right atria1 
electrogram interval; HRA,, = filtered high right atrial electrogram; 
HRA,,,, = unfiltered high right atrial electrogram; MCS = midcor- 
onary sinus; V-HRA = ventricular to high right atria1 electrogram 
interval. 
were filtered at a bandpass of 30 to 500 Hz. Recordings were 
made on photographic paper by means of an Electronics for 
Medicine VR-16 oscilloscopic recorder and onto frequency 
modulation tape with a Honeywell 101 tape recorder. 
All putients had inducible orthodromic reciprocating 
tachycardia. Participation of the accessory AV pathway in 
the tachycardia was confirmed by characteristic changes 
with ipsilateral bundle branch block (Patient 1 and 2), by 
pre-excitation of the atria1 electrogram when the His bundle 
was refractory (Patient 1 and 3) and by retrograde atria1 
activation sequence (all patients). Retrograde atria1 activa- 
tion sequence was determined during orthodromic recipro- 
cating tachycardia as previously described (19). The delta 
wave pattern was analyzed as outlined (20,21). Measure- 
ments were made at a paper speed of 250 mm/s. 
Case Reports 
Case 1. A 25 year old man presented after 4 h of 
exercise-induced irregular heart action. An ECG revealed 
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Figure 2. Case I. With right bundle branch block during orthodrom- 
ic reciprocating tachycardia, there is an increase of 34 ms in the 
ventriculoatrial interval, which is constant despite an HV interval of 
134 ms in the first right bundle branch block beat and one of 51 ms 
in the second. All measurements were performed at a paper speed of 
250 mm/s. Numbers represent intervals in milliseconds. Abbrevia- 
tions as in Figure I. 
atria1 fibrillation and a pattern of pre-excitation consistent 
with a right-sided accessory pathway. The patient was 
referred for cardiac electrophysiologic study. 
Orthotiromic rcciproccrting tuchycardici ~cws indud 
many rimes. Catheter mapping and an increase in the VA 
interval of 35 ms with right bundle branch block during 
orthodromic tachycardia indicated a single right anterome- 
dial free wall accessory pathway. During induction and 
maintenance of tachycardia, beats of complete and incom- 
plete functional left bundle branch block frequently occurred 
(Fig. I). Associated with left bundle branch block, there was 
prolongation of the HV interval by 20 to 30 ms. and an equal 
or nearly equal concomitant decrease in the VA interval. 
Thus, the HA interval was always maintained equal or 
nearly equal to that seen during narrow QRS complexes 
during ort hodromic reciprocating tachycardia. This decrease 
in the VA interval was not observed with HV prolongation 
during reciprocating tachycardia associated with either nar- 
row QRS beats or complete right bundle branch block (Fig. 
2). 
Case 2. A 34 year old man was referred for evaluation of 
recurrent palpitation. Cardiac electrophysiologic study was 
performed as previously described. Delta wave pattern. 
retrograde atrial activation sequence and the VA interval 
during right bundle branch block were all consistent with a 
single right anteroseptal accessory pathway. After the ad- 
ministration of oral procainamide, AV reciprocating tachy- 
cardia was still inducible with a cycle length of 330 ms (Fig. 
3). During induction of orthodromic reciprocating tachycar- 
dia. three beats of complete or incomplete left bundle branch 
Figure 3. Case 2. Beats of complete or incomplete left bundle 
branch block during orthodromic reciprocating tachycardia had an 
increase in the HV interval of II to 20 ms. associated with a 
concomitant equal or nearly equal decrease in the ventriculoatrial 
interval. All measurements were made at a paper speed of 250 
mm/s. Numbers represent intervals in milliseconds. PCS = proximal 
coronary Gnu?; other abbreviations as in Figure I. 
block occurred. During left bundle branch block there was a 
lengthening of the HV interval by 15 to 20 ms. and a 
concomitant equal or nearly equal shortening of the VA 
interval. Thus, the His bundle to atrial interval remained 
nearly constant. 
Case 3. An IS year old man with Wolff-Parkinson-White 
syndrome and recurrent palpitation and syncope underwent 
cardiac electrophysiologic study. He was found to have a 
single right anterior accessory pathway that was subse- 
quently confirmed at surgery. During induction of AV recip- 
rocating tachycardia. four beats with complete left bundle 
branch block occurred (Fig. 4). Although a stable His bundle 
recording was not obtained at this time, the VA interval 
shortened by IO to 15 ms during left bundle branch block. 
The relation between the right ventricular apical electrogram 
and the atrial electrogram remained the same. 
Discussion 
Ventriculoatrial intervals during orthodromic reciprocat- 
ing tachycardia are a function of the relative timing of 
ventricular and atrial activation. Thus far, studies in this area 
have concentrated on the way in which the timing of the 
atrial electrogram is modified by bundle branch block. 
However, left bundle branch block results in delay of initial 
left septal activation. and this delay may also affect the 
relation between ventricular and atrial electrograms during 
orthodromic reciprocating tachycardia. Our study demon- 
strated that in the three patients with a right-sided accessory 
pathway exhibiting left bundle branch block aberration dur- 
ing orthodromic reciprocating tachycardia, there was short- 
ening of the VA interval during left bundle branch block. 
This change can be explained by the delay in initial ventric- 
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Figure 4. Case 3. The four beats of left bundle branch block during 
orthodromic reciprocating tachycardia are associated with a 10 to 15 
ms decrease in the ventriculoatrial (V-A) interval. Although a stable 
His bundle recording was not obtained at this time, the relation 
between the right ventricular apex (RVA) electrogram and the high 
right atria1 (HRA) electrogram does not significantly change be- 
tween aberrant and narrow beats because right ventricular activa- 
tion is not greatly affected by left bundle branch block. 
ular activation that occurs during left bundle branch block 
because this degree of shortening was accounted for by the 
degree of lengthening of the HV interval with the HA 
interval remaining roughly the same. The constant HA 
interval would seem to reflect nearly identical right ventric- 
ular activation during left bundle branch block. 
Effects of other conduction delays. The changes in VA 
intervals with left bundle branch block did not occur with 
other sites of block in the His-Purkinje system. In Case 1 
(Fig. 2), in two beats of reciprocating tachycardia exhibiting 
right bundle branch block aberration, the HV interval varied 
by 83 ms, but both showed identical increases in the VA 
intervals. 
In this study the increases in the HV intervals during left 
bundle branch block were accompanied by nearly equal 
decreases in the VA intervals. After premature beats, slow- 
ing of conduction in the His-Purkinje system may result in 
further delay in initial ventricular activation in excess of that 
caused by left bundle branch block itself. In such an in- 
stance, during left bundle branch block with a right-sided 
accessory AV pathway, though the VA interval would still 
be expected to shorten, the HA interval might not remain the 
same and might actually increase. 
Generality of tindings. In a study (17) of rate-related left 
bundle branch block, delay of initial ventricular activation 
and lengthening of the HV interval occurred in only 56% of 
cases. In the absence of delay of initial ventricular activation 
and lengthening of the HV interval, there would be no 
expected change in the VA interval during orthodromic 
tachycardia with left bundle branch block in patients with a 
right-sided accessory pathway. Thus, although observed in 
all three of the cases presented here, these changes may not 
be a universal finding. 
Accuracy of measurements. At a paper speed of 100 mm/ 
s, the accuracy of measurements is 25 ms, whereas at 400 
mm/s accuracy is increased to 2 1 ms (18). All measurements 
in this study were at 250 mm/s, which gives an accuracy of 
+2 ms. This degree of precision is adequate to accurately 
describe the observations in this study. However, the usual 
clinically used paper speed of 100 mm/s may make the 
changes in VA interval observed in this study subtle and 
easily overlooked. 
Clinical implications. Although beyond the scope of this 
paper, it is interesting to speculate what effects other com- 
binations of bundle branch block and accessory pathway site 
might have on VA intervals during orthodromic reciprocat- 
ing tachycardia. Because right bundle branch block does not 
delay initial septal activation, VA intervals would not be 
expected to change with right bundle branch block and a 
left-sided accessory AV pathway, i.e., the converse of the 
cases in this report. However, the increase in VA intervals 
seen with left bundle branch block and a left-sided accessory 
pathway might be expected to be even larger were it not for 
the delay in initial septal activation. Should the finding of 
shortening of the VA interval during left bundle branch block 
and orthodromic reciprocating tachycardia be confirmed in a 
larger series of patients with a right-sided accessory path- 
way, this would prove to be a helpful finding for pathway 
localization. 
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